Abstrak
Lipoic or thioctic acid (lipoate or lipoamide) in its either reduced or oxidized forms, is a physiological cofactor of mitochondrial dehydrogenases. Apart from its physiological role, the compound is of interest in therapeutic aspects under pathological conditions, which latter activities are considered here. Its reduced form, dihydrolipoate (DHL) cannot be used as a drug because it is unstable and rapidly oxidized. However, administration of the oxidized form to the body suffi ciently provides dihydrolipoate via enzymatic and non-enzymatic equilibrium mechanisms. 1, 2 In in vitro experiments DHL is the reactive principle, this appears to hold true in vivo also for administration of lipoic acid, because it is physiologically involved in redox cycles and is easily recycled by itself; in biological systems both DHL and lipoic acid act as potent antioxidants. 3, 4 The pK values of the -SH groups of DHL are high (approximately 10.7). 5 However, dissociation of the -SH groups does not appear to be a major factor which determines antioxidant activity of thiols. Similar to other vicinal dithiols, DHL is more easily oxidized than monothiols. 6 On the other hand, the tension of the oxidized pentacycle (3-6 kcal/mol) explains the tendency for reductive splitting due to intra-and extracellular environmental conditions. 6 The redox potential is very low (-0.29 Eo'V), 7 lower than that of the couple of oxidized/reduced glutathione (-0.24 Eo'V), which is reduced by DHL. Hence, lipoic acid stabilizes the major intracellular antioxidant system. Lipoic acid protects in vivo against the generation of ROS and free radicals in early intestinal reperfusion in rats 8 and protection of low density lipoproteins by dihydrolipoic acid against the attack of peroxyl radicals was shown ex vivo. 9 In these experiments, recycling of tocopherol and probucol in LDL by ascorbate was demonstrated, which effect was tremendously prolonged by the addition DHL. 10 The redox potential of LA / DHL is also lower than that of the ascorbate redox system, the major extracellular water soluble antioxidant, thus also stabilizing the reduced extracellular status.
Reactive oxygen species (ROS) and peroxyl radicals are intimately involved in ischemia and reperfusion events, generated in the blood but also at a variety of cellular and subcellular sites, especially in the endothelium. Mitochondria may be the main source of oxygen free radicals from impaired electron transport and mitochondrial ATPsynthase might primarily be attacked.
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The mitochondrion is probably also a site of action of DHL. The compound is suffi ciently hydrophobic to permeate biological membranes at high rates. The lipophilicity of DHL may furthermore be a part of its pharmacological effi cacy, not only in terms of pharmacokinetics and distribution, 12 but also in the site of pharmacodynamic interaction. In the mitochondrial membrane, sensitive thiols of membrane proteins in hydrophobic environment 13 may be protected by DHL via -SH/-S-S-interchange infl uencing ATP synthesis and phospho-creatine kinase, i.e., mitochondrial energy turnover. 14, 15 Hence, the cellular damages of ischemia and hypoxia on one side and noncontrolled reperfusion and reoxygenation on the other are diminished by lipoic acid in animal models. 16 Furthermore, life expectancy of immunosuppressed mice was slightly improved at low doses of lipoic acid. 17 This report comprises two cases from Germany and one case from Indonesia. In the latter country, lipoic acid is not registered whereas in Germany, the compound is registered with its indication for the treatment of peripheral diabetic polyneuropathy. 18 However, neuroprotection beyond this indication had been demonstrated in various models and under various conditions. [19] [20] [21] [22] This report shows considerable improvement and therapeutic success with lipoic acid in three cases of pathoneuroligical conditions with different etiological background.
METHODS
All mentioned medication was obtained from public pharmacies or hospital pharmacies, respectively, in Germany or Indonesia.
The α-lipoic acid pro infusionem preparation was purchased from Stada AG, 61118 Bad-Vilbel Dortelweil, Germany, via a public pharmacy (Heegbach-Apotheke, 60430 Erzhausen, Germany) and brought to Indonesia by one of the authors (HJF).
Treatment
All patients obtained 600 mg of α-lipoic acid daily as a single oral dose early in the morning, at least half an hour before breakfast or intake of any other medication.
Patient 3 obtained 600 mg of α-lipoic acid per infusionem for three days early in the morning, at least half an hour before breakfast. After three days, medication with lipoic acid was continued orally, as above. Therapy: Anti-infl ammatory enzyme therapy (tablets containing papain, bromelain) was initiated with 9-12 tablets per day over three months with minor improvement of the symptoms. Subsequently, α-lipoic acid was applied orally, 600 mg per day, 30 minutes before breakfast and L-thyroxin intake, respectively.
RESULTS

Lipoic
Result: Three months later, fi ngers had become normally shaped, paraesthesias disappeared and joints were almost free of infl ammation.
Therapy was continued with 300 mg α-lipoic acid until joints were totally free of infl ammatory symptoms. In addition, selenium-vitamin E supplementation was applied to support L-thyroxin therapy for Hashimoto thyreoditis. After another two months (in spring 2009), α-lipoic acid therapy and selenium-vitamin E supplementation were discontinued.
No infl ammatory symptoms re-occurred during summer and autumn 2009. In very cold winter days 2009/2010 (outside temperatures below -15 o C, patient needs to walk her dog), slight swelling of fi nger joints and stiffness of the fi ngers was observed and follow-up therapy with 600/300 mg α-lipoic acid as above was successfully advised. Patient reports that soon after, sensitivity got totally lost in front part of her feet and that she could no longer use her hands properly, e.g., she failed to grasp and hold objects.
In neurological examination, patient presented with neurological defi cits both sensoric (paraesthetic, e.g., patient could not differentiate between single toes) and motoric (atactic, paraplegic).
Starting from March 2008, α-lipoic acid 600 mg was taken daily except Sundays, accompanied by physio-therapy of the feet, "chiro antipolyneuropathy treatment".
Result: After 4 weeks sensitivity returned to the feet, motoricity normalised in her hands and feet, walking facility improved week by week as hands and feet could be used properly, after 8 weeks patient could step stairs. Cerebral CT (07-06-06): acute subdural dextral frontotemporoparietal haematoma, contusio cerebri at basis and midline shift to the left >0.5 cm.
Neurosurgery, operation 07-06-2006, intra-operative fi ndings: depressed fracture of the dextral communitive frontotemporal bone; epidural haematoma, 10 ml; lacerations of duramater and cerebrum, 3 cm; subdural haematoma, 50 ml, with source of bleeding from dextral fi ssura sylvii vene.
Postoperative status: 6 days ICU; Blood pressure stabilized and consciousness recovered during the fi rst post-operative day; however, strong headaches and impaired sensorial, auditory, visual and motoric functions as well as dysarthria remained; THT consultation clarifi ed that audition defi cit did not seem due to impaired auditory area but was more likely caused by a blood clot in the external auditory meatus. CT scan (16-06-06) revealed no more bleeding and no midline shift.
Complications during hospitalization:
Two severe postoperative cardiovascular and pulmonary crises occurred within two weeks; pneumonia was diagnosed on 14-06-06 (laboratory: CRP 118 mg/L; sputum: Strept. pneumoniae, Staph. epidermidis, Cand. tropicalis), which pneumonia (possibly HAP-VAP and with a predisposition factor to COPD) caused long-term hospitalization until impro vement could be stated on 18-07-06.
Cerebral MRI (23-06-06): slight subacute-chronic intracerebral haematoma temporal right and subdural haematoma frontal-parietal-temporal-occipital bilateral; prominent old infarct centre bilateral, at pons / brain stem right and temporal left; chronic bilateral otomastoiditis and sphenoidal haematosinusitis.
Thorax:
Cardiomegaly with aortic elongation, dilation and calcifi cation, pleural effusion left, bronchopneumonia.
Cerebral CT (07-07-06): slight cerebro-cerebellar atrophy, ventricle dilation Special treatment during hospitalization / postoprative pharmacotherapy: albumine, sertraline HCl, sulbutiamine, carbazochrom Na-sulfonate, piracetam, methylprednisolone, ketorolac tromethamin, citicholin, dobutamin HCl, nimodipine, theophylline/aminophylline, tranexamate acid, erdosteine; antibiotic therapy against upcoming bronchopulmonary and eye/ear infections: cefotaxim Na, fosfomycin Na, cefoperazon Na, cefi xim, fl uconazole; eye drops: levofl oxacine; ear drops: fl udrocortisone acetate/ polymyxine-B-sulfate/neomycine sulfate/lido caine HCl. In addition the patient obtained up to 9 inhalations per day with tiotropium or ipratropium bromide, salbutamol and budesonide.
The patient was supplemented with 'enzyplex' (amylase/ protease/lipase/vit.B-complex), neuro-vit.B-complex, fi sh oil, natural vit.E, vit.C, vit.K, mecobalamine; and -if necessary -obtained Mg-/Al-hydroxide/simeticon, ranitidine HCl, lactulose.
Continuous pharmacotherapy:
Morning: carbamazepine, isosorbid dinitrate, tegaserod, N-acetylcysteine, spironolactone, eperisone HCl , tolterodine 1-tartrate; Noon time: eperisone HCl; Evening: carbamazepine, isosorbid dinitrate, tegaserod, eperisone HCl; Before sleeping: tolterodine 1-tartrate, simvastatin;
Rehabilitation physiotherapy was applied without signifi cant improvement of the general and neurological condition.
Two weeks after brain surgery and after two subsequent severe and life-threatening crises, three infusions of a-lipoic acid 600 mg daily were given on three consecutive days (days 1 -3), early in the morning. Subsequently (from day four), 600 mg daily were administered per os, early in the morning half hour before breakfast. Daily pharmacotherapy (see above) was continued.
After 59 days patient was released from hospital on 23-07-2006, a-lipoic acid therapy was continued for another 50 days and accompanied by natural multivitamin supplementation. The entire a-lipoic acid therapy was 600 mg per day for 103 days, three days intravenously, 100 days orally.
Result: about one month after the patient had been released from hospital he could move freely without any walking aid, he had full recovery of all neural functions, sensoric and motoric, central and peripheral. Patient continued with controlled therapeutic sports activities until date. 
DISCUSSION
All three patients presented with neural impairment different from the approved indication for α-lipoic acid of peripheral diabetic polyneuropathy. The fi rst patient had post-borelliosis-infection arthritic and pathoneurologcal symptoms, the second patient postchemotherapy pathoneurological symptoms, and the third patient post-brain-trauma with cerebral hematoma and post-operative generalized neurological defi cits. Hence, aetiology and history of these patients were very diverse. Furthermore, medication was diverse as well:
Let's look into the single cases more detailed, the fi rst case of longterm infl ammation after borelliosis infection developed oxidative stress with oxygen free radical formation due to infl ammation. Initial therapy with anti-infl ammatory enzymes bromelaine and papaine was not satisfactory, so it was decided to use the potent antioxidant lipoic acid. The supplementation with selen-vit E is likely to benefi t from lipoic acid too because the latter had been shown to expand the lifetime of vit E, which was interpreted as "recycling" of vit E-radical to the reduced form of vit E. 9,10 Lipoic acid obviously cured the infl ammatory processes which led to the arthtritic and paraesthetic symptoms.
In the second patient we focus on the onset of pathoneurological symptoms with chemotherapy in order to interpret the toxic side effects of chemotherapy, although also in this case oxidative stress and infl ammation because of the patient's history with cancer, surgery and radiation certainly play an important role as well. But in this case the capability of lipoic acid to restore enzymes and other proteins prevails through interaction with the -SH regeneration and -SH / -S-S-exchange systems including those of glutathione, thioredoxin and disulfi de isomerases.
The third case is certainly the most complex condition both from the etiological background, brain surgery and pharmaco-medication. After the very complex cerebral trauma and brain surgery with excellent surgical outcome, the patient still suffered considerable pathoneuroligical defi cits. Acute bronchitis and pulmonary infection (pneumonia, pleurisy), which could have been acquired through hospitalization (HAP-VAP) caused general weakness and blood circulation instability on the background of the patient's cardiovascular history with post-infarction thorax surgery (about 7 years ago) and led to long-term hospitalization.
The situation made multifold medication necessary with a wide arsenal of cardiovascular and antibiotic pharmaceuticals. In addition, nootrophyl for the post-traumatic improvement of the nervous system were administered such as piracetam. Finally and successively, vitamins were applied and PUFAs from fi sh oil as supplementation.
Two severe and life-threatening events supported the decision to give 3 infusions with lipoic acid and to continue this therapy with 600 mg daily per os. From the medication and supplementation of this patient it cannot be stated that it was solely lipoic acid that improved his condition as constantly as it was observed in parallel with the intake of this compound. A wide fi eld of interactions may apply to this situation. However, posttraumatic reperfusion is known to cause tremendous oxidative stress, which can be reduced by lipoic acid more effectively than by other antioxidants, 21, 22 which is in parts due to its easy distribution into central and peripheral nerves. Furthermore, for recovery of the nerves improvement of mitochondrial functions and energy metabolism are crucial. As a co-factor of mitochondrial dehydrogenases lipoic acid would certainly improve oxidative phosphorylation and thus supply with ATP.
In two cases, physiotherapy was applied and in one case, there was no physiotherapy. In the former two cases, physiotherapy was not considered very effective, so we interpret that it was not primarily physiotherapy the brought back neurological functions but lipoic acid therapy since the course of recovery closely followed the onset and continuation of its intake.
In conclusion, in the three cases in this study lipoic acid was effective in the treatment of pathoneurological symptoms beyond peripheral diabetic polyneuropathy.
